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RADIO COMMUNICATION METHOD, 
TRANSMITTER, AND RECEIVER 

CROSS REFERENCE TO RELATED 

APPLICATION(S) 
[0001] This application is based on and hereby claims 
priority to Japanese Application No. 2006-273018 ?led on 
Oct. 4, 2006 in Japan, the contents of Which are hereby 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

[0002] (1) Field of the Invention 

[0003] The present invention relates to a radio communi 
cation method, a transmitter, and a receiver. For example, 
the present invention relates to an art suitable for use in 
selecting transmission antennas and reception antennas in a 
radio communication system using MIMO (Multiple Input 
Multiple Output). 
[0004] (2) Description of the Related Art 

[0005] Recently, MIMO (Multiple-Input Multiple-Output) 
becomes a focus of attention as an art Which makes possible 
a great amount (high speed) of data communication effec 
tively using frequency bands. MIMO is an art for improving 
the transmission rate, Without necessity of enlarging fre 
quency bands, by means of using multiple antennas both in 
transmission and reception. That is, using a transmitter and 
a receiver With multiple antennas, independent data streams 
are transmitted from the multiple antennas of the transmitter. 
From the signal received by each reception antenna of the 
receiver, multiple transmission signals (data streams) that 
are mixed on the propagation path are individually separated 
by use of channel state information (CSI; also called channel 
estimation value) representing the state (environment) of the 
channel. 

[0006] In MIMO communication system, normally, the 
Base Station (BS) employs antennas greater in number than 
that of the mobile station (MS). In addition, depending upon 
a state, for securing transfer quality, etc., the BS and the MS 
communicates each other via a relay station (RS). 

[0007] In the previous MIMO system (see the folloWing 
patent document 1), to ensure a transfer capacity, the recep 
tion antennas of the BS is grouped, and the BS uses an 
antenna group selected on the basis of a certain criterion for 
reception. 
[0008] Further, in the art of the folloWing patent document 
2, since the number of transmission antennas of the BS is as 
small as four, transmission antenna selection can be per 
formed With a calculation amount to a degree. 

[0009] [Patent Document 1] Japanese Patent Application 
Laid-Open No. 2004-312381 

[0010] [Patent Document 2] Japanese Patent Application 
Laid-Open No. 2006-67237 

[0011] HoWever, according to the previous art (the art of 
the patent document 1), an art is only disclosed in Which the 
BS selects reception antennas, and nothing is disclosed there 
about selecting transmission antennas of the BS. 

[0012] In addition, according to the art of the patent 
document 2, a greater number of antennas of the BS Will 
result in a signi?cantly long time of searching the optimal 
antenna. 
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[0013] Further, since the number of transmission antennas 
used (selected) in the BS (transmitter) end is normally equal 
to the number of reception antennas used in the MS 
(receiver) end (for example, 2 transmission antennas in the 
BS end and 2 reception antennas in the MS end; 2><2 
MIMO). Thus, the condition of antennas is sometimes not 
good depending upon communication environment, and it is 
dif?cult to ensure robust transfer capacity. 

[0014] In addition, in a case Where the number of antennas 
of the RS is large, if all the antennas of the BS end and of 
the RS end are used at the same time, costs and complexity 
are increased. Further, When antenna selection is performed 
betWeen the BS and the RS, it takes a signi?cant length of 
time to look for the optimum antennas because of the great 
of number of antennas. 

SUMMARY OF THE INVENTION 

[0015] With the foregoing problems in vieW, it is an object 
of the present invention to make it possible to select the 
optimal transmission antennas and reception antennas in 
accordance With radio environment With high speed With a 
smaller amount of operation than the previous art. 

[0016] Further, as a spillover effect, MIMO communica 
tion and precoding transmission (beam forming) can be 
selectively performed, thereby making possible ensuring 
transfer capacity maintaining reliability of communication 
and communication quality such as a Wave reachable range. 

[0017] In order to accomplish the above object, according 
to the present invention, the folloWing radio communication 
method, a transmitter, and a receiver are provided. 

[0018] (1) As a generic feature, there is provided a radio 
communication method for use in a radio communication 
system in Which radio communication is performed betWeen 
a transmitter having a plurality of transmission antennas and 
a receiver having a plurality of reception antennas, the 
method comprising: selecting an antenna group Which sat 
is?es a ?rst selection criterion relating to communication 
quality, out of a plurality of antenna groups, each of Which 
is composed of some of the transmission antennas and some 
of the reception antennas; selecting a combination Which 
satis?es a second criterion relating to communication qual 
ity, out of combinations of the transmission antennas and the 
reception antennas Which are included in the selected 
antenna group; and performing communication using a part 
of or all of the selected combinations of the transmission 
antennas and the reception antennas. 

[0019] (2) As a preferred feature, transmission antennas 
included in the antenna group are multiple adjacent trans 
mission antennas or multiple transmission antennas Which 
are disposed at an equal distance from a reference transmis 
sion antenna. 

[0020] (3) As another preferred feature, a part of trans 
mission antennas included in an antenna group are included 
in another antenna group. 

[0021] (4) As yet another preferred feature, the number of 
transmission antennas included in the antenna group is 
larger than the number of reception antennas included in the 
antenna group. 

[0022] (5) As a further preferred feature, the radio com 
munication method further comprises: evaluating Whether or 
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not any combination, out of the combinations, exists Which 
satis?es a criterion relating to MIMO communication in 
Which the number of reception antennas is equal to the 
number of transmission antennas; performing, if it is evalu 
ated that such a combination exits, MIMO communication 
using the combination of transmission antennas; and per 
forming, if it is evaluated that such a combination does not 
exist, precoding transmission using all of the transmission 
antennas included in the combination. 

[0023] (6) As a still further preferred feature, a part of or 
all of the reception antennas included in an antenna group 
are included in another antenna group. 

[0024] (7) As a further feature, the receiver noti?es the 
transmitter of information about the selected combinations 
of transmission antennas and reception antennas. 

[0025] (8) As another generic feature, there is provided a 
radio communication method for use in a radio communi 
cation system in Which radio communication is performed 
betWeen a transmitter having Nt-number (Nt is an integer 
greater than 1) of transmission antennas and a receiver 
having Nr-number (Nr is an integer greater than 1) of 
reception antennas, the method comprising: grouping (Nrx 
Nt)-number of channel estimation values, Which are 
obtained betWeen the transmission antennas and the recep 
tion antennas, into a plurality of blocks including (LrxLt) 
number (Lt<Nt, Lr) of element estimation values; selecting 
a block Which satis?es a ?rst selection criterion relating to 
communication quality, out of the plurality of blocks; select 
ing a combination Which satis?es a second criterion relating 
to communication quality, out of combinations of element 
estimation values Which are included in the selected block; 
performing communication using a part of or all of the 
combinations of the transmission antennas and the reception 
antennas corresponding to the selected combination of ele 
ment estimation values. 

[0026] (9) As yet another generic feature, there is provided 
a receiver for use in a radio communication system in Which 
radio communication is performed betWeen a transmitter 
having Nt-number (Nt is an integer greater than 1) of 
transmission antennas and a receiver having Nr-number (Nr 
is an integer greater than 1) of reception antennas, the 
receiver comprising: a grouping means Which groups (Nrx 
Nt)-number of channel estimation values, Which are 
obtained betWeen the transmission antennas and the recep 
tion antennas, into a plurality of blocks including (LrxLt) 
-number (Lt<Nt, LréNr) of element estimation values; a 
block selecting means Which selects a block that satis?es a 
?rst selection criterion relating to communication quality, 
out of the plurality of blocks obtained by the grouping 
means; an element estimation value selecting means Which 
selects a combination Which satis?es a second criterion 
relating to communication quality, out of combinations of 
element estimation values Which are included in the block 
selected by the block selecting means; a notifying means 
Which generates antenna selection information for the trans 
mitter on the basis of selection result obtained by the block 
selecting means or the element estimation value selecting 
means and noti?es the transmitter of the generated antenna 
selection information. 

[0027] (10) As a further generic feature, there is provided 
a transmitter for use in a radio communication system in 
Which radio communication is performed betWeen a trans 
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mitter having Nt-number (Nt is an integer greater than 1) of 
transmission antennas and a receiver as set forth in the above 
item (9), the transmitter comprising: a receiving means 
Which receives the antenna selection information from the 
notifying means; and an antenna selecting means Which 
selects transmission antenna to be used according to the 
antenna selection information received by the receiving 
means. 

[0028] According to the above-described invention, at 
least either of the effects and bene?ts described beloW is 
obtianed. 

[0029] (1) Even if the number of transmission and recep 
tion antennas is signi?cantly large due to a great number of 
transmission antennas (that is, the number of element esti 
mation values of the channel matrix becomes signi?cantly 
large), it is possible to select the optimal transmission 
antennas and reception antennas in accordance With radio 
environment With higher speed With a smaller amount of 
operation amount than the previous art, thereby realiZing the 
optimal communication according to the radio environment. 
In addition, costs and complexity can also be reduced. 

[0030] (2) If a combination satisfying the predetermined 
(the above-described ?rst and second) antenna selection 
criteria exists, MIMO communication is performed using 
such a combination of transmission and reception antennas. 
On the other hand, if no combination (satisfying the above 
mentioned second antenna selection criterion) of transmis 
sion and reception antennas suitable for MIMO communi 
cation exists, precoding transmission (beam forming) is 
performed. Thus, in Whatever radio environment, it is 
alWays possible to ensure the transfer capacity for maintain 
ing the reliability of communication and communication 
quality such as a Wave reachable range. 

[0031] The above and other objects and features of the 
present invention Will be understood by reading carefully the 
folloWing description With accompanying draWings. Pre 
ferred embodiments of the present invention Will be 
described in more detail referring to the accompanying 
draWings. The draWings are illustrative and are not to be 
limitative of the scope of the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0032] FIG. 1 is a block diagram shoWing a construction 
of a multi antenna radio communication system according to 
a ?rst embodiment of the present invention; 

[0033] FIG. 2 is a schematic diagram for describing 
antenna grouping in the system shoWn in FIG. 1; 

[0034] FIG. 3 is a diagram for describing grouping of 
channel matrix corresponding antenna grouping according 
to the ?rst embodiment of the present invention; 

[0035] FIG. 4 is a schematic diagram for describing 
another example of antenna grouping in the system shoWn in 
FIG. 1; 

[0036] FIG. 5 is a ?owchart for describing a system 
operation (antenna selection method) according to the ?rst 
embodiment of the present invention; 

[0037] FIG. 6 is a block diagram shoWing a construction 
of a multi antenna radio communication system according to 
the second embodiment of the present invention; 



US 2007/0281746 A1 

[0038] FIG. 7 is a schematic diagram for describing 
antenna grouping in the system shown in FIG. 6. 

DESCRIPTION OF THE PREFERRED 

EMBODIMENT(S) 
[0039] Preferred embodiments of the present invention are 
described in more detail beloW referring to the accompany 
ing draWings. 
[0040] Here, the present invention should by no means be 
limited to the following embodiments, and various changes 
or modi?cations may be suggested Without departing from 
the gist of the invention. 

[A] First Embodiment 

[0041] FIG. 1 is a diagram shoWing a construction of a 
multi antenna radio communication system according to a 
?rst embodiment of the present invention. The radio com 
munication system of FIG. 1 includes at least one base 
station apparatus (BS) 10 as a transmitter, and at least one 
mobile station apparatus (MS) 20 as a receiver. An important 
part of the BS 10 includes a spatial multiplexing modulator 
11, a precoding processor 12, Lt-number (Lt is a integer 
greater than 1) of RF transmitter 13-1 through 13-Lt (here 
inafter Will be described as an RF transmitter 13 When 
individuals are not distinguished), an antenna sWitch 14, 
Nt-number (Nt is an integer greater than 1, and N ZLt) of 
transmission antennas 15-1 through 15-Nt (hereinafter Will 
be described as transmission antenna 15 When individuals 
are not distinguished), a code book memory 16, a precoding 
matrix/code Word selector 17, and a transmission antenna 
selection controller 18. 

[0042] On the other hand, an important part of the MS 20 
includes Nr-number (Nr is an integer greater than 1) of 
reception antenna 21-1 through 21-Nr (hereinafter Will be 
described as a reception antenna 21 When individuals are not 
distinguished), Nr-number of RF receiver 23-1 through 
23-N (hereinafter Will be described as an RF receiver 23 
Wheri individuals are not distinguished), a MIMO reception 
signal processor 24, a channel estimator 25, an antenna 
selector (a determiner of antenna to be used) 26, a code book 
memory 28, a precoding matrix calculator/code Word 
retriever 29. Here, Nr-number of RF receiver 23 means that 
the maximum number of reception data stream Which can be 
processed by the MS 20 (reception RF unit 23) at the same 
time is Nr, and thus, the maximum value is Nr as described 
above. 

[0043] (Description of the Construction of the BS 10) 

[0044] Here, the spatial multiplexing modulator 11 of the 
BS 10 performs mapping and modulation of the coding 
sequence obtained by means of necessary error coding, for 
example, turbo coding, into symbols (a signal of a data 
channel) having signal points of such as a predetermined 
modulation scheme, for example, QPSK (Quadrature Phase 
Shift Keying) and 16 QAM (Quadrature Amplitude Modu 
lation). For example, NS-number [l éNsémin (Lt, Nr)] of 
transmission data streams can be obtained. In this instance, 
this spatial multiplexing modulator 11 can perform multi 
plexing processing of knoWn signals (a pilot signal or a 
preamble signal), in addition to a signal of a data channel, 
betWeen the BS 10 and the MS 20 and a control channel 
signal (control symbols) Which transfers control inforrna 
tion, used for channel estimation. 
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[0045] The precoding processor (precoding means) 12 
performs precoding of NS-number (l éNséNr) of transmis 
sion data streams using the precoding matrix (matrix) or the 
code Word given by the precoding matrix/ code Word selector 
17. The precoding processor 12, as described beloW, maps 
the transmission data streams to Lt-number of transmission 
antennas 15 selected by the transmission antenna selection 
controller 18, thereby performing beam forming by Lt 
number of transmission antennas 15. Here, the precoding 
(beam forming) is performed When the number NS of trans 
mission data streams <the number Lt of selection transmis 
sion antennas (that is, selectively performed corresponding 
to the number of selected transmission antennas), and the 
precoding is not performed When the number NS of trans 
mission data streams =the number Lt of selected transmis 
sion antennas in order to perform MIMO multiplexing 
transmission. 

[0046] Each of the RF transmitter 13 performs necessary 
radio transmission processing including DA (Digital to 
Analog) conversion and frequency conversion (up-conver 
sion) to a radio frequency (RF) of Lt-number of transmission 
data streams. The antenna sWitch 14, under control of the 
transmission antenna selection controller 18, selects Lt 
number of transmission antennas 15 to be used in transmis 
sion to connect to the RF transmitter 13. Each of the 
transmission antennas 15 radiates, into space to the MS 20, 
a transmission RF signal from the RF transmitter 13 Which 
is connected through the antenna sWitch 14. 

[0047] The code book memory 16 memoriZes beforehand 
a code book (code Word) for use in determining a precoding 
matrix (or vector, hereinafter the same) to be used at the time 
of the above-mentioned precoding. The code book is 
de?ned, for example, as a set of a predetermined Unitary 
Matrix (its elements are de?ned as code Words), and is 
determined beforehand on the basis of the number NS of data 
streams and the number Lt of transmission antennas and the 
number (L) of feedback bits. In this instance, elements in the 
code book are de?ned as code Words. Since it is necessary 
to use the same code book With the MS 20, the same code 
book is stored on the MS 20 end (code book memory 28), 
too. 

[0048] Accordingly, Without being noti?ed (fedback) of 
all of the element information of the precoding matrix 
obtained on the basis of the above-mentioned CSI from the 
MS 20, if limited information (for example, the indexes of 
code Words of the code boook) is noti?ed, it becomes 
possible to determine the precoding matrix to be used on the 
basis of the noti?ed information. This type of noti?cation 
method using the limited information is called a limited 
feedback transfer, and it is possible to effectively use the 
up-link band from the MS 20 to the BS 10. 

[0049] In this instance, in the present example, the transfer 
of the limited information such as the above-mentioned 
index, etc., is performed using a feedback channel Which is 
indicated by reference character 40 in FIG. 1. The feedback 
channel 40 is one of the uplink channels from the transmis 
sion system of the MS 20 to the reception system of the BS 
10. In FIG. 1, these transmission system of the MS 20 and 
the reception system of the BS 10 are not illustrated. 

[0050] Next, the precoding matrix/code Word selector 17 
receives antenna indexes (antenna selection information) 
Which are noti?ed from the MS 20 through the feedback 
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channel 40, and noti?es the transmission antenna selection 
controller 18 of the received antenna indexes. In addition, 
the precoding matrix/code Word selector 17 gives the pre 
coding processor 12 a precoding matrix Which is necessary 
in the above-mentioned precoding processing. At that time, 
the precoding matrix noti?ed from the MS 20 through the 
feedback channel 40 can be given as it is, or code Words 
identi?ed from the indexes noti?ed by the above-mentioned 
limited feed back transfer can be selected from the above 
mentioned code book, and the corresponding precoding 
matrix can be selected and given. 

[0051] The transmission antenna selection controller 18 
controls the antenna sWitch 14 according to the above 
mentioned antenna selection information, and controls con 
nection betWeen the RF transmitter 13 and the transmission 
antenna 15. 

[0052] (Description of the Construction of the MS 20. 

[0053] On the other hand, in the MS 20, each of the 
reception antenna 21 receives RF signals sent from the 
transmission antenna 15 of the BS 10. Each of the RF 
receivers 23 performs necessary radio reception processing 
including frequency conversion (doWn-conversion) of the 
reception RF signal received by the reception antenna 21 
into a base band frequency, and AD (Analog to Digital) 
conversion. 

[0054] The MIMO reception signal processor 24 separates 
the reception signal (digital base band signal) processed by 
the RF receiver 23, that is, the reception signal spatially 
multiplexed, into transmission data streams, and demodu 
lates and decodes the reception signal. This separation 
process can be performed by the method in Which the 
inverse matrix of the channel correlation matrix is used on 
the basis of CSI obtained by the correlation operation 
betWeen the above-mentioned pilot signal (or the preamble 
signal, hereinafter the same) and the pilot replica or by the 
method in Which the MLD (Maximum Likelihood Detec 
tion) algorithm is used. 

[0055] The channel estimator 25 obtains the above-men 
tioned CSI by using correlation operation betWeen the pilot 
signal processed on the RF receiver 23 and the pilot replica 
the MS 20 holds beforehand (that is, the channel estimator 
25 estimates a channel response). 

[0056] The to-be-used antenna selection unit 26 selects 
(determines) combinations of the transmission antennas 15 
and the reception antennas 21 to be used in communication 
With the BS 10 on the basis of the predetermined antenna 
selection standard. In the present example, a hierarchical 
selection is performed. That is, the transmission antennas 15 
and the reception antennas 21 are grouped into multiple 
antenna groups composed of multiple transmission antennas 
15 and reception antennas 21, and an antenna group, out of 
the multiple antenna groups, Which satis?es a ?rst antenna 
selection criterion is selected. Of the selected antenna group, 
a combination of the transmission antennas 15 and the 
reception antennas 21 Which satis?es a second antenna 
selection criterion is selected. 

[0057] In this instance, if the number Nt of transmission 
antennas is samller than a certain reference number, all the 
combinations of antennas can be selected. In addition, a part 
of or all of the reception antennas 21 can be treated as 
elements common to all of the antenna groups. If all of the 
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reception antennas 21 are treated as elements common to all 
of the antenna groups, it means that only the transmission 
antennas 15 are grouped into multiple groups. 

[0058] This type of grouping means that element estima 
tion values of the CSI (channel matrix) obtained by the 
channel estimator are grouped. Selecting a combination of 
the transmission antennas 15 and the reception antennas 21 
means that a combination of element estimation values of 
the channel matrix is selected. A speci?c example of such 
grouping and the details of antenna selection standard Will 
be described later. 

[0059] That is, the antenna selector 26 has a function as a 
grouping means Which groups (NrxNt)-number of channel 
estimation values, Which are obtained betWeen the transmis 
sion antennas 15 and the reception antennas 21, into multiple 
blocks each including (LrxLt)-number of element estimation 
values. 

[0060] The code book memory 28, as described above, 
stores beforehand the same code book as that of the BS 10. 
The precoding matrix calculator/code Word retriever 29 
generates information (feedback information) necessary for 
the above-mentioned precoding performed on the BS 10 on 
the basis of CSI obtained by the channel estimator 25, and 
noti?es the BS 10 of the generated information through the 
feedback channel 40. In the case of precoding matrix cal 
culated based on the above-mentioned CSI, or in the case of 
the above-mentioned limited feedback transfer, the precod 
ing matrix calculator/code Word retriever 29 generates 
indexes of code Words retrieved from the code book in the 
code book memory 28 as the above-mentioned feedback 
information. 

[0061] (Explanation of System Operation) 

[0062] Hereinafter, referring to FIG. 2 through FIG. 5, a 
description Will be made of an operation of the MIMO 
communication system of the present embodiment, as 
described above, With an eye on the antenna selection 
method, in particular. 

[0063] First of all, as described in FIG. 5, the BS 10 and 
the MS 20 transceives each other information about the 
number of their transmission/reception antennas and about 
processing capacity of data streams, there by acknoWledging 
the number of antennas and the processing capacity of the 
opponent in communication (steps S11 and S21). 

[0064] Then, the BS 10 transmits a pilot signal to the MS 
20 (step S12). The channel estimator 25 of the MS 20 
estimates (obtains CSI) (step S22) a channel response by a 
correlation operation betWeen the reception pilot signal and 
the pilot replica. 

[0065] On the basis of the obtained CSI, the MS 20 selects 
one antenna group Which satis?es a predetermined antenna 
selection criterion. That is, the transmission antennas 15 of 
the BS 10 is grouped into multiple antenna groups in such 
a manner that the number (L) of transmission antennas for 
each group is greater than the number (Lr) of reception 
antennas usable on the MS 20. Of the antenna groups, one 
antenna group Which satis?es the above-mentioned antenna 
selection criterion is selected. 

[0066] Here, the above-mentioned grouping, as schemati 
cally described in FIG. 2, can be performed in such a manner 
that adjacent Lt-number of transmission antennas are 
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grouped into one group, or in such a manner that, as 

schematically described in FIG. 4, Lt-number of transmis 
sion antennas Which are disposed at an equal interval 
(distance) from a certain reference transmission antenna 15 
are grouped into one group. 

[0067] If the number Nt of transmission antennas of the BS 
10 is equal to 9, the number Nr and LI of reception antennas 
of the MS 20 is equal to 2, and the number Lt of transmission 
antennas for each antenna group is equal to 3, the grouping 
as described in FIG. 3 is equal to grouping 18 element 
estimation values (hij: i=1 through 2, j=l through 9) of a 
channel matrix obtained as an Lr><Nt=2><9 into three blocks 
(2x3 matrix HS) composed of Lr><Lt=2><3 (=6) adjacent 
element estimation values. Accordingly, selecting an 
antenna group is equal to selecting a block Which satis?es 
the above mentioned antenna selection criterion for the unit 
of the block. 

[0068] According to the similar theory, grouping as shoWn 
in FIG. 4 means grouping into blocks (channel matrix HS) 
composed of 2><3=6 element estimation values Which are 
disposed at an equal distance in a channel matrix obtained as 
Lr><Nt=2><9 matrix. In this case, one antenna group is capable 
of communicating With multiple MS 20 (multi user MIMO 
transmission). 

[0069] In this manner, there are a variety of methods of 
selecting estimation values composing one block (matrix 
HS), that is, variety of methods of grouping an antenna group 
other than the above-described one. For example, grouping 
can be performed in such a manner that element estimation 
values included in a certain block are included in another 
different block. However, to limit the operation amount to 
the minimum, simple grouping as shoWn in FIG. 2 (FIG. 3) 
or FIG. 4 is preferable. 

[0070] Here, on the assumption of the above-described 
grouping, the MS 20 (the to-be-used antenna selector 26) 
selects an antenna group (a block of element estimation 
values) using any one of the folloWing antenna selection 
criteria as shoWn in the folloWing items (a) through (c), that 
is, a ?rst antenna selection criterion relating to communi 
cation quality With the BS 10. That is, of the multiple blocks 
of the above-mentioned element estimation values, the to 
be-used antenna selector 26 has a function as a block 
selecting means Which selects a block that satis?es any one 
of the folloWing antenna selection criteria (a) through (c). 

[0071] (a) Selection Criteria of Capacity 

[0072] The MS 20 (to-be-used antenna selector 26) selects 
an antenna group Which maximiZes the communication 
capacity With the BS 10 using the folloWing formula (1) 

oc arg det(HSHS’) 

Where HS is a channel matrix of the antenna group; p is a 
mean SNR (Signal to Noise Ratio) of each reception antenna 
21 in the antenna group; det is a determinant; H5‘ is a 
complex conjugate transpose of HS. 
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[0073] (b) Selection Criterion of Singular Value 

[0074] The MS 20 (to-be-used antenna selector 26) selects 
an antenna group Which maximiZes the minimum singular 
value kmin{Hs} of the channel matix HS under the folloWing 
formula (2) (this means that the minimum SNR is maxi 
miZed). 

[0075] (C) Selection Criterion for Condition Number 

[0076] The MS 20 (to-be-used antenna selector 26) selects 
an antenna group Which minimiZes a channel condition 
number, that is, the value obtained by diving the maximum 
singular value kmaX{HS} by the minimum singular value 
kmin{Hs} (this means that an error rate is optimiZed) under 
the folloWing formula (3). 

r = arg maX/XMAHS} (3) 
HSQH minlHs} 

[0077] Here, When the antenna group is selected as 
described above, the MS 20 (to-be-used antenna selector 
26), as described in FIG. 5, compares the number of trans 
mission antennas and the number of reception antennas 
included in the selected antenna group to evaluate Whether 
or not the number Lt of transmission antennas is smaller or 
equal to the number Lr of reception antennas (step S24). 

[0078] If the evaluation result is true, the precoding matrix 
calculator/code Word retriever 29 of the MS 20 transmits 
(noti?es) the indexes of the selected transmission antennas 
15 to the BS 10 through the feedback channel 40 (from Y 
route of step S24 to step S25). 

[0079] On the other hand, if the evaluation result is false, 
that is, if the number Lt of transmission antennas >the 
number Lr of reception antennas (the number of data streams 
is N5), the to-be-used antenna selector 26 makes the number 
Lt of transmission antennas and the number Lr of reception 
antennas included in the selected antenna group equal, and 
searches all the combinations of the transmission and the 
reception antennas included in the selected antenna group, 
and reevaluates Whether or not the combinations satisfy a 
predetermined antenna selection criterion (a second criterion 
for antenna selection based on communication quality) (for 
example, that the condition number of the above-mentioned 
channel is not smaller than a certain threshold value) (steps 
S26 and S27). 

[0080] In this instance, adjustment (selection) of transmis 
sion/reception antennas to be reevaluated can be performed 
by means of calculating SINR (Signal-to-Interference and 
Noise poWer Ratio) of each of the antennas 15 and 21 to 
exclude the antennas 15 and 21 having the minimum SINR, 
or by means of selecting antennas 15 and 21 With a large 
SINR or a large mean electric poWer. 

[0081] As a result, if the antenna selection criterion is 
satis?ed, the precoding matrix calculator/code Word 
retriever 29 of the MS 20 transmits (noti?es) the indexes of 
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the selected transmission antennas 15, like in step S25, to the 
BS 10 through the feedback channel 40 (Y route of step S27 
to step S28). 

[0082] That is, the to-be-used antenna selector 26 has a 
function as an element estimation value selecting means 
Which selects combinations satisfying the second selection 
criterion relating to communication quality, out of the com 
binations of element estimation values of the block selected 
by the above-mentioned block selecting means. The select 
ing means has a function as an evaluating means Which 
evaluates Whether or not any combination exists Which 
satis?es a criterion relating to MIMO communication 
betWeen the same number of reception antennas and trans 
mission antennas 15, out of the above-mentioned combina 
tions of the element estimation values. 

[0083] In addition, the precoding matrix calculator/code 
Word retriever 29 has a function as a notifying means Which 
generates antenna selection information for the BS 10 on the 
basis of the selection result by the to-be-used antenna 
selector (block selecting means or element estimation value 
selecting means) 26 and noti?es the BS 10 of the generated 
information. 

[0084] On the other hand, if the antenna selection criterion 
is not satis?ed, the to-be-used antenna selector 26 further 
evaluates Whether or not eigen mode transmission is to be 
performed (N route of step S27 to step S29). As a result, if 
the to-be-used antenna selector 26 decides that the to-be 
used antenna selector 26 is to perform eigen mode trans 
mission, the precoding matrix calculator/code Word retriever 
29 (the Singular Value Decomposition: SVD) of the MS 20 
calculates the SVD (Singular Value Decomposition) of the 
CSI (channel matrix) to obtain the precoding matrix 
(described beloW) and transmits the obtained SCI to the BS 
10 through the feedback channel 40 (from Y route of step 
S29 to step S30). 

[0085] If it is decided by the to-be-used antenna selector 
26 that eigen mode transmission is not to be performed (that 
is, to perform limited feedback transmission), the precoding 
matrix calculator/code Word retriever 29 of the MS 20 
searches for the indexes of code Words of the code book in 
the code book memory 28, and transmits the indexed of the 
code Word to the BS 10 through the feedback channel 40 
(from N route of step S29 to step S31). 

[0086] That is, the precoding matrix calculator/ code Word 
retriever 29 has a function as a antenna selection information 
generating means Which generates, if it is evaluated that a 
combination of the element estimation values exists by the 
evaluating unit, the antenna selection information (antenna 
index) corresponding to the combination of the element 
estimation values, and generates, if it is evaluated that such 
a combination does not exist by the evaluating unit, precod 
ing information (indexes of precoding matrix or cord Words) 
necessary for precoding transmission of the BS 10 on the 
basis of the combination of element estimation values, as the 
antenna selection information, and noti?es the BS 10 of the 
generated information. 

[0087] On the other hand, on the BS 10, the precoding 
matrix/code Word selector 17 evaluates Whether or not 
MIMO multiplexing transmission is to be performed on the 
basis of the antenna index noti?ed from the MS 20 through 
the feedback channel 40 in the above-mentioned step S25 or 
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S28 (step S13). That is, the precoding matrix/code Word 
selector 17 decides that MIMO multiplexing transmission is 
to be performed if the number Nsof transmission data 
streams =the number Lt of selection transmission antennas. 

[0088] As a result, if it is evaluated that MIMO multiplex 
ing transmission is to be performed, the transmission 
antenna selection controller 18 of the BS 10 controls the 
antenna sWitch 14 to connect the transmission antennas 15 
Which are identi?ed by antenna indexes noti?ed as described 
above to the RF transmitter 13 in Which transmission data 
streams are identi?ed to exist, and performs MIMO multi 
plexing transmission (from Yroute of step S13 to step S14). 

[0089] On the other hand, if it is decided that MIMO 
multiplexing transmission is not to be performed, the BS 10 
(precoding matrix/code Word selector 17) evaluates Whether 
or not eigen mode transmission is to be performed (N route 
of step S13 to step S15). As a result, if the precoding matrix 
is noti?ed from the MS 20 through the feedback channel 40, 
and if it is evaluated that eigen mode transmission is to be 
performed in step S15, the precoding matrix/code Word 
selector 17 gives the precoding processor 12 the precoding 
matrix. In addition, the transmission antenna selection con 
troller 18 controls the antenna sWitch 14 to connect the RF 
transmitter 13 in Which a transmission data streams exists to 
the selected transmission antennas 15 (in this case, the 
number of antennas is greater than the number of reception 
antennas selected on the MS 20). 

[0090] With this construction, the BS 10 uses the trans 
mission antennas 15 Which is larger in number than the 
reception antennas (transmission data streams) on the MS 20 
to perform beam forming due to the above-mentioned pre 
coding and performs transmission to the MS 20 (Y route of 
step S15 to step S16). 

[0091] On the other hand, if it is decided that code Word 
indexes are noti?ed from the MS 20 through the feedback 
channel 40 in the step S29, and if it is decided that limited 
feedback transmission, not the eigen mode transmission, is 
to be performed, the precoding matrix/ code Word selector 17 
retries the code book memory 16 for the code book corre 
sponding to the indexes of the code Words, and determines 
the precoding matrix on the basis of the corresponding code 
book to give the precoding matrix to the precoding processor 
12 on the basis of the corresponding code book. In addition, 
like in eigen mode transmission, the transmission antenna 
selection controller 18 controls the antenna sWitch 14, 
thereby connecting the RF transmitter 13 in Which trans 
mission data streams exist, to the selected transmission 
antennas 15 (in this case, also, the number of transmission 
antennas is greater than the number of selected reception 
antennas). 
[0092] With this arrangement, the BS 10 uses the trans 
mission antennas 15 Which is greater in number than the 
reception antennas on the MS 20 (the number of transmis 
sion data streams) to perform beam forming by the afore 
mentioned precoding, and transmits the resultant beam 
forming to the MS 20 (N route of step S15 to step S17). 

[0093] That is, When the precoding matrix/code Word 
selector 17 receives precoding information (precoding 
matrix or code Words) as antenna selection information by 
the precoding matrix/code Word selector 17, the precoding 
processor 12 performs precoding transmission by means of 
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transmission antennas 15 corresponding to the combination 
of element estimation values on the basis of the precoding 
information. 

[0094] In this instance, if the transmission antennas 15 in 
one antenna group of the BS 10 is not included in the 
multiple MSs 20 (for example, in FIG. 2 as described 
above), it is possible to transmit to the MSs 20 at the same 
time. If a part of or all of the transmission antennas 15 in one 
antenna group of the BS 10 multiplex are included With 
respect to multiple MS 20, time divisional transmission is to 
be performed With respect to the multiplexed transmission 
antennas 15. 

[0095] In a case of TDD (Time Division Duplex), reci 
procity of channels makes it possible to estimate channel 
information based on the sounding of the BS 10 and the MS 
20. In a case of FDD (Frequency Division Duplex), the BS 
10 acknowledges doWn-link channel information due to the 
feedback from the MS 20 to the BS 10. 

[0096] In addition, regularly or irregularly, if the reception 
quality information of the MS 20 acknoWledged by the BS 
10 is transferred to the MS 20, and if the above mentioned 
hierarchical antenna selection or precoding processing is 
performed again With respect to the necessity, it is possible 
to accommodate the latest transfer environment. 

[0097] (Description of Precoding Processing) 

[0098] Next, the details of the above-mentioned eigen 
mode transfer in performing the precoding processing 
(beam-forming) and the limited feedback transfer are 
described. 

[0099] (Eigen Mode Transfer) 

[0100] Ifthe CSI complete betWeen the BS 10 and the MS 
20 is Well knoWn, the precoding matrix calculator/code Word 
retriever 29 of the MS 20 performs singular value decom 
position (SVD) of the CSI, and obtains the decomposition of 
the matrix as precoding matrix. 

[0101] For example, if in the case of NS-number of trans 
mission data streams, Lt-number of transmission antennas, 
Lr-number of reception antennas 21, NS§min(Lt, LI), the 
CSI (channel matrix H) is a matrix of Lr><Lt, and if the H is 
subscribed to singular value decomposition, the folloWing 
formulas (4) and (5) are obtained. 

H=UDV ' (4) 

D=diag<"/V1,W2,- - - , WW0, - - - ,0) <5) 

[0102] In this instance, U is a left singular matrix, V is a 
right singular matrix, D is a diagonal matrix, and its element 
k1, . . . km are proportional to the obtain of the eigen mode. 
The obtain of the eigen mode is obtained, and the ?rst eigen 
mode k1 is the maximum, the mth eigen mode km is the 
minimum. Here, In presents the rank of the channel matrix 
H. 

[0103] Then, When precoding is performed, the optimum 
precoding matrix is a left NS of the right singular matrix V 
(indicated by VlzNs). Accordingly, the precoding processor 
12 of the BS 10 uses the precoding matrix F=VlzNS for 
mapping NS-number of transmission data streams to L 
number of transmission antennas 15 under the folloWing 
formula (6). 

x=Fs (6) 
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[0104] Here, s represents Nsxl transmission vector; x 
represents transmission antenna data vector Lt><l. 

[0105] Accordingly, on the reception end (MS 20) of the 
reception signal y is described as in the folloWing formula 
(7) 

[0106] Here, n represents noise vector of Lr>< 1. In addition, 
y represents the reception signal of Lr><l and the signal of 
each reception antenna 21 is multiplexed With transmission 
signals. To obtain transmission signals y, H, F given as 
knoWn values on the MS 20, to obtain transmission signals 
s, the maximum likelihood (ML) method can be applied in 
the folloWing formula (8), and since the complexity is 
enormous, the linear decoder in Which the complexity is 
small as in the folloWing formulas (9) and (10) is employed 
as in the folloWing formulas (9) and (10). 

§=Q[Gy] (8) 

[0107] Here, Q[] represents a demapper, G represents the 
matrix of NsxLr. 

[0108] That is, When a ZF (Zero Forcing) linear decoder is 
applied, G of the above formula (8) is expressed by the 
folloWing formula (9). 

G=(HF)* (9) 

Where ( )+ expresses a pseudo-inverse matrix. 

[0109] In addition, When applying MMSE (Minimum 
Mean Square Error) linear decoder, G of the above formula 
(8) can be expressed by the folloWing formula (10) 

G=[F'H'HF+(NS/p)INS]’1F'H' (10) 
Where ( )_1 expresses inverse matrix. 

[0110] (Limited Feedback Transfer) 

[0111] Hereinafter, a description Will be made of a prin 
ciple of limited feedback transfer. 

[0112] On the basis of the number NS of transmission data 
streams, the number Lt of transmission antennas, the number 
(L) of feedback bits, the same code book is determined 
betWeen the transmitter end (BS 10) and the receiver end 
(MS 20). Then, as described above, it is assumed that the BS 
10 and the MS 20 stores the same code book in the code 
book memory 16 and the code book memory 28. 

[0113] On MS 20, the channel estimator 25 performs 
channel estimation, and obtains CSI, and on the basis of the 
obtained CSI, the optimum code Word is selected according 
to any one of the folloWing criteria (1) through (3). 

[0114] (l) MMSE (Minimum Mean Square Error) Selec 
tion Criterion 

[0115] The MSE (Mean Square Error) used in the MS 20 
(precoding matrix calculator/code Word retriever 29) is 
expressed by the folloWing formula (11), assuming the H 
and F are already known, 

(11) 

[0116] The precoding matrix calculator/code Word 
retriever 29 selects a code Word Which minimiZes the Trace 
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(tr) or the Determinant (det) of MSE of this formula (11), out 
of the code book. That is, the following formula (12) is 
selected by the following formula (13). 

F = arg gig; Ir[MSE(Fj-)] (12) 

F = arg E115; det[MSE(Fj-)] (13) 

[0117] (2) Selection Criterion of Capacity 

[0118] The MS 20 (precoding matrix calculator/ code Word 
retriever 29) selects a code Word, out of a code book, in such 
a manner that the capacity is maximized under the following 
formula (14). 

[0119] (3) Singular Value Selection Criterion 

[0120] The MS 20 (precoding matrix calculator/code Word 
retriever 29) can select a code Word, out of the code book, 
in such manner that the minimum singular value is maxi 
miZed. 

[0121] Then, the MS 20 (precoding matrix calculator/ code 
Word retriever 29) transfers the index (L bit) of the code 
Word selected under the above-described criterion to the BS 
10 through the feedback channel 40. 

[0122] With this arrangement, on the BS 10, as described 
above, on the basis of the received index, the matrix (or 
vector) is used as a precoding matrix by use of the corre 
sponding code book. In this instance, in the case of the 
limited feedback transfer, similar to the eigen mode, linear 
decoder (ZF liner decoder or MMSE linear decoder) can be 
applied. 

[0123] As described above, according to the present 
invention, the transmission antennas 15 of the BS 10 and the 
reception antennas 21 of the MS 20 are grouped into 
multiple antenna groups composed of multiple transmission 
antennas 15 and multiple reception antennas. Out of the 
antenna groups, antenna groups satisfying the ?rst antenna 
selection criterion are selected, and out of the selected 
antenna groups, the combinations of the transmission anten 
nas 15 and the reception antennas 21 satisfying the second 
antenna criterion are selected. Thus, even if the number of 
transmission antennas 15 on the BS 10 end is so large that 
the number of transmission/reception antennas is increased 
(that is, the number of element estimation values of the 
channel matrix becomes signi?cantly great), it is possible to 
realiZe optimiZed communication according to radio envi 
ronment by selecting the optimiZed transmission antennas 
15 and reception antennas 21 corresponding to radio com 
munication under high speed With a smaller calculation 
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amount than the previous example, thereby realiZing the 
optimiZed communication corresponding radio environ 
ment. Further, costs and complexity can also be reduced. 

[0124] Furthermore, since grouping is performed in such 
a manner that the number of transmission antenna is greater 
than the number of reception antennas in one antenna group, 
and since if the combination satisfying the predetermined 
(the above mentioned ?rst or second) antenna selection 
criterion exists, MlMO communication is performed using 
such a communication transmission and reception antennas, 
and if the combination appropriate for MIMO communica 
tion does not exits, precoding (beam-forming) is performed 
using a greater number of antennas 15 than the reception 
antennas, communication quality such as transmission 
capacity and electric Wave reachable range in Which com 
munication reliability is maintained is secured in What kind 
of radio communication environment. 

[0125] Here, When the BS 10 receives a signal from the 
MS 20, if not all of the reception antennas are used but an 
antenna group is selected, performance of MRC (Maximum 
Ratio Combining) can be improved. 

[B] Second Embodiment 

[0126] FIG. 6 is a block diagram shoWing a construction 
of multi antenna radio communication system according to 
second embodiment of the present invention. The radio 
communication system of FIG. 6 includes at least one base 
station (BS) 10 and at least one relay station (RS) apparatus 
30. The BS 10 is constructed as in that of the ?rst embodi 
ment; the important part of the RS 30 includes Nr-number 
(N is an integer greater than 1) of reception antennas 31-1 
thrlough 31-Nr (hereinafter described as reception antenna 31 
When distinction is not made), an antenna sWitch 32, Ly 
number (Lr is an integer greater than 1 and LréNr) of RF 
receiver 33-1 through 33-Lr (hereinafter described as an RF 
receiver 33 When distinction is not made), 

a MIMO reception signal processor 34, a channel estimator 
35, an antenna selector (to-be-used antenna selector) 36, an 
antenna section controller 37, a code book memory 38, and 
a precoding matrix calculator/code Word retriever 39. 

[0127] That is, the RS 30 of the present example has 
approximate the same construction of the MS 20 as 
described in FIG. 1, but since it has an antenna sWitch 32 and 
antenna section controller 37, it is possible for the RS 30 to 
select the reception antenna 31 to be used. 

[0128] That is, the antenna sWitch 32 connects arbitrary 
reception antennas 31 and arbitrary RF receivers 33 accord 
ing to control from the antenna section controller 37; the 
reception antenna selection controller 27 performs connec 
tion control betWeen the reception antennas 31 determined 
(selected) by the to-be-used antenna selector 36 and the RF 
receiver 33 according to the procedure similar the ?rst 
embodiment. 

[0129] In this instance, the reception antenna 31, the RF 
receiver 33, the MlMO reception signal processor 34, the 
channel estimator 35 the to-be-used antenna determiner 36, 
the antenna section controller 37, the code book 38, the 
precoding matrix calculator/code Word retriever 39 are the 
same as or similar to the already described reception antenna 
21, the RF receiver 23, the MlMO reception signal processor 
24, the channel estimator 25 the to-be-used antenna selector 
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26, the reception antenna selection controller 27, the code 
book memory 28, the precoding matrix calculator/code Word 
retriever 29. 

[0130] Here, in the present example, When the BS 10 
communicates With the RS 30, all the reception antennas 31 
on the RS 30 are not treated as construction elements of one 

antenna group, and as schematically described in FIG. 7, for 
example, they are grouped With respect to the reception 
antennas 31. 

[0131] In such a case, also, as described in FIG. 2 and in 
FIG. 4, in the BS 10 and the RS 30, adjacent antennas or 
antennas With equal intervals can be grouped as elements of 
one antenna group. In addition, in the present example, also, 
a part of transmission antennas 15 or reception antennas 31 
Which are included in one antenna group can be included in 
another antenna group. Further, it is preferred that the 
number of transmission antennas of the BS 10 included in 
one antenna group is greater than the number of reception 
antennas of the RS 30. 

[0132] With such grouping as precondition, in the present 
example, as in the case of the ?rst embodiment, hierarchical 
antenna selection makes possible selection of optimal com 
bination according to radio environment, thereby perform 
ing beam forming according MIMO communication or 
precoding. 
[0133] That is, on the RS 30, the to-be-used antenna 
determiner 36 selects, out of the antenna groups, antenna 
groups that satisfy the above-mentioned ?rst antenna selec 
tion criterion on the basis of the CSI obtained by the channel 
estimator 35. Out of the selected antenna groups, the RS 30 
selects combinations of transmission antennas 15 and recep 
tion antennas 31 Which satisfy the above-mentioned second 
antenna selection criterion. Then, if there is a combination in 
Which the transmission antennas 15 and the reception anten 
nas 31 are equal in number, MIMO communication is 
performed. In other cases, precoding (beam forming) is 
performed using all the transmission antennas 15 of the 
selected antenna groups. 

[0134] Its more detailed operation is the same as the steps 
S11 through S17 and steps S21 through S31 in FIG. 5, taking 
the MS 20 as RS 30. Here, in the case of the RS 30, When 
antenna indexes are transmitted to the BS 10 in step S25 or 
step S28, indexes of the selected reception antennas 31 are 
noti?ed to the reception antenna selection controller 37, 
thereby making the reception antenna selection controller 37 
performing connection control betWeen the reception 
antenna 31 and the RF receiver 33. 

[0135] In this manner, as to communication betWeen the 
BS 10 and the RS 30, also, by means of applying antenna 
selection procedures similar to that of the ?rst embodiment, 
it is possible to select optimal transmission antennas 15 and 
reception antennas 31 in accordance With radio environment 
With high speed With a smaller operation amount than the 
previous art. In addition, costs and complexity can also be 
reduced. Further, in accordance With radio environment, 
MIMO communication or precoding (beam forming) using 
transmission antennas 15 greater in number than reception 
antennas is performed selectively. Thus, it is possible to 
ensure communication quality, such as a transfer amount and 
a Wave reachable range, Which can alWays maintain com 
munication reliability in Whatever radio communication 
environment. 
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[0136] In this instance, as to communication betWeen the 
RS 30 and the MS 20, by means of applying antenna 
selection method, taking the BS 10 as the RS 30 in the ?rst 
embodiment, effects and bene?ts similar to those of the ?rst 
embodiment can be obtained. 

[0137] In addition, according to the present embodiment, 
When the BS 10 receives signals from the RS 30, or When the 
RS 30 receives signals from the MS 20, if antenna groups are 
selected, not using all the reception antennas, performance 
improvement is realiZed due to the maximum ratio combi 
nation (MRC). 

[0138] As this invention may be embodied in several 
forms Without departing from the spirit of essential charac 
teristics thereof, the present embodiments are therefore 
illustrative and not restrictive, since the scope of the inven 
tion is de?ned by the appended claims rather than by the 
description precoding them, and all changes that fall Within 
metes and bounds of the claims, or equivalence of such 
metes and bounds thereof are therefore intended to be 
embraced by the claims. 

What is claimed is: 
1. A radio communication method for use in a radio 

communication system in Which radio communication is 
performed betWeen a transmitter having a plurality of trans 
mission antennas and a receiver having a plurality of recep 
tion antennas, said method comprising: 

selecting an antenna group Which satis?es a ?rst selection 
criterion relating to communication quality, out of a 
plurality of antenna groups, each of Which is composed 
of some of the transmission antennas and some of the 
reception antennas; 

selecting a combination Which satis?es a second criterion 
relating to communication quality, out of combinations 
of the transmission antennas and the reception antennas 
Which are included in the selected antenna group; and 

performing communication using a part of or all of the 
selected combinations of the transmission antennas and 
the reception antennas. 

2. A radio communication method as set forth in claim 1, 
Wherein transmission antennas included in the antenna 
group are multiple adjacent transmission antennas or mul 
tiple transmission antennas Which are disposed at an equal 
distance from a reference transmission antenna. 

3. A radio communication method as set forth in claim 1, 
Wherein a part of transmission antennas included in an 
antenna group are included in another antenna group. 

4. A radio communication method as set forth in claim 1, 
Wherein the number of transmission antennas included in the 
antenna group is larger than the number of reception anten 
nas included in the antenna group. 

5. A radio communication method as set forth in claim 4, 
further comprising: 

evaluating Whether or not any combination, out of the 
combinations, exists Which satis?es a criterion relating 
to MIMO communication in Which the number of 
reception antennas is equal to the number of transmis 
sion antennas; 

performing, if it is evaluated that such a combination 
exits, MIMO communication using the combination of 
transmission antennas; and 
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performing, if it is evaluated that such a combination does 
not exist, precoding transmission using all of the trans 
mission antennas included in the combination. 

6. A radio communication method as set forth in claim 1, 
Wherein a part of or all of the reception antennas included in 
an antenna group are included in another antenna group. 

7. A radio communication method as set forth in claim 1, 
Wherein the receiver noti?es the transmitter of information 
about the selected combinations of transmission antennas 
and reception antennas. 

8. A radio communication method as set forth in claim 1, 
Wherein grouping of the antennas is performed on the basis 
of the number of reception antennas or the number of data 
streams Which can be processed on the receiver. 

9. A radio communication method as set forth in claim 7, 
Wherein at least the receiver noti?es the transmitter of 
information about the number of reception antennas or the 
number of data streams. 

10. A radio communication method for use in a radio 
communication system in Which radio communication is 
performed betWeen a transmitter having Nt-number (Nt is an 
integer greater than 1) of transmission antennas and a 
receiver having Nr-number (Nr is and integer greater than 1) 
of reception antennas, said method comprising: 

grouping (NrxNt) -number of channel estimation values, 
Which are obtained betWeen the transmission antennas 
and the reception antennas, into a plurality of blocks 
including (LrxLt) -number (Lt<Nt, L) of element esti 
mation values; 

selecting a block Which satis?es a ?rst selection criterion 
relating to communication quality, out of the plurality 
of blocks; 

selecting a combination Which satis?es a second criterion 
relating to communication quality, out of combinations 
of element estimation values Which are included in the 
selected block; 

performing communication using a part of or all of the 
combinations of the transmission antennas and the 
reception antennas corresponding to the selected com 
bination of element estimation values. 

11. Aradio communication method as set forth in claim 1, 

Wherein the transmitter is a base station apparatus, and 

Wherein the receiver is a mobile station apparatus. 
12. A radio communication method as set forth in claim 

Wherein the transmitter is a base station apparatus, and 

Wherein the receiver is a relay station apparatus. 
13. A radio communication method as set forth in claim 

Wherein the transmitter is a relay station apparatus, and 

Wherein the receiver is a mobile station apparatus. 
14. A receiver for use in a radio communication system in 

Which radio communication is performed betWeen a trans 
mitter having Nt-number (N t is an integer greater than 1) of 
transmission antennas and a receiver having Nr-number (Nr 
is an integer greater than 1) of reception antennas, said 
receiver comprising: 

a grouping means Which groups (NrxNQ-number of chan 
nel estimation values, Which are obtained betWeen the 
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transmission antennas and the reception antennas, into 
a plurality of blocks including (LrxLJ-number (Lt<Nt, 
LréNr) of element estimation values; 

a block selecting means Which selects a block that satis 
?es a ?rst selection criterion relating to communication 
quality, out of the plurality of blocks obtained by said 
grouping means; 

an element estimation value selecting means Which 
selects a combination Which satis?es a second criterion 
relating to communication quality, out of combinations 
of element estimation values Which are included in the 
block selected by said block selecting means; 

notifying means Which generates antenna selection 
information for the transmitter on the basis of selection 
result obtained by said block selecting means or said 
element estimation value selecting means and noti?es 
the transmitter of the generated antenna selection infor 
mation. 

15. A receiver as set forth in claim 14, Wherein the block 
includes multiple adjacent element estimation values or 
multiple element estimation values disposed at an equal 
distance from a reference element estimation value in an 
N ><Nt channel matrix. 
116. A receiver as set forth in claim 14, Wherein a part of 

element estimation values included in a block are included 
in another block. 

17. A receiver as set forth in claim 14, Wherein Lt>Lr. 
18. A receiver as set forth in claim 14, 

Wherein said element estimation value selecting means 
includes an evaluating unit Which evaluates Whether or 
not any combination, out of the combinations of the 
element estimation values, exists Which satis?es a 
criterion relating to MIMO communication in Which 
the number of reception antennas is equal to the num 
ber of transmission antennas, and 

Wherein said notifying means includes an antenna selec 
tion information generating unit Which generates, if it 
is evaluated by said evaluating unit that such a com 
bination exists, the antenna selection information cor 
responding to the combination and Which generates, if 
it is evaluated by said evaluating unit that such a 
combination does not exist, precoding information, 
necessary for precoding transmission by said transmit 
ter, as the antenna selection information on the basis of 
the combination of element estimation values and noti 
?es the transmitter of the antenna selection informa 
tion. 

19. Atransmitter for use in a radio communication system 
in Which radio communication is performed betWeen a 
transmitter having Nt-number (Nt is an integer greater than 
1) of transmission antennas and a receiver Which (i) selects 
a block that satis?es a ?rst selection criterion relating to 
communication quality, out of a plurality of blocks Which 
are obtained by means of grouping (NrxNQ-number of 
channel estimation values, Which are obtained betWeen the 
transmission antennas and the reception antennas, into a 
plurality of blocks including (LrxLt) -number (Lt<Nt, 
LréNr) of element estimation values, and (ii) selects a 
combination Which satis?es a second criterion relating to 
communication quality, out of combinations of element 
estimation values Which are included in the selected block, 
and (iii) generates antenna selection information for the 
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transmitter on the basis of the former selection result or the 20. A transmitter as set forth in claim 19, further com 
latter selection result, and (iv) noti?es the transmitter of the prising a precoding means Which performs, When precoding 
generated antenna selection information, said transmitter information is received by said receiving means as the 
comprising: antenna selection information, precoding transmission using 

. . . . . transmission antennas corresponding to the combination of 
a receiving means Which receives the antenna select1on . . . . 

. . . . element est1mat1on values, on the basis of the received 
information noti?ed by the receiver; and precoding information. 

an antenna selecting means Which selects transmission 
antenna to be used according to the antenna selection 
information received by said receiving means. * * * * * 


